This paper was made to compare the differences between borehole heat exchangers used for heating and cooling a typical house in Bahía Blanca, Argentina and Krakow, Poland. In Argentina, 57% of electricity comes from thermal power plants, while in Poland this kind of plant produces 90% of the energy. On the other hand, the natural gas is extensively used for heating. Climatic conditions in these places, heating and cooling load of a typical house and soil profile are used to know energetic load for cooling, heating and hot tap water. Economic analysis is also made to assess feasibility of this kind of technology.
INTRODUCTION
The comparison of heating and cooling loads for a typical house in Bahía Blanca (Argentina) and Krakow (Poland) is developed in this document. This paper also shows the energy load and its cost including taxes. In the end, it shows the borehole heat exchanger and heat pump requirements for both cities, and presents the payback period of time.
In Poland, 90% of electricity comes from coal. On the other hand, 57% of the electricity in Argentina comes from thermal plants.
Energy from borehole heat exchangers has a great potential to change the way energy is produced to a nature friendly method.
CLIMATIC CONDITIONS
An analysis was produced for the maximum and minimum average temperature in Bahía Blanca, Argentina and Krakow, Poland in 2012 (AccuWeather) . This analysis allowed for calculating the Heating Degree Days and Cooling Degree Days in both cities.
The comfort range was chosen between 18°C and 22°C for residents in the house. Higher daily average temperatures than the upper limit of the range (22°C) has been considered in heating degree days, the same happened with the lower temperatures in cooling degree days.
It is important to note that in 2012, there were 366 days, because it was a leap year. In addition, it is presented a comparison of the monthly and annual average temperature in 2012 for the listed cities (Figure 1) . Bahía Blanca has a warm climate while Krakow has lower temperatures than Bahía Blanca. This is indicating that a family living in the Argentinian city will need more energy in summer for cooling than in winter for heating, and the opposite for the Polish city. Figure 2 shows the different climatic areas in the world which shows that Bahía Blanca is in a subtropical climate zone, while Krakow is in a warm temperature zone. 
THERMAL BALANCE
A thermal balance was made in summer and winter for a typical one story house of 69.6 m 2 . This house has adequate thermal insulation.
The following parameters were adopted: On the other hand, it was considered the house was for a four-member family. Thermal requirements for this building, heat degree days and cooling degree days were used all together to know the heating and cooling load needed. Tables 2 and 3 shows the calculated heating and cooling peak load for this typical house in both climates. Peak load is important to model the highest energy needed in a day from the borehole heat exchanger. This higher heating and cooling load was calculated for the hottest and coldest day of each month.
COST AND ENERGY DEMAND FOR HEATING AND AIR CONDITIONING
Natural gas is the most popular fuel for heating in Bahía Blanca. Data from Camuzzi, an Argentine operator, shows that it costs 0.169599 ARS·m -3 (0.022434 €·m -3 ) for category R3-1 without taxes (from 1,200 m 3 ·y -1 up to 1,500 m 3 ·y -1 ). The real price adding taxes is 0.226245 ARS·m -3 (0.029926 €·m -3 ). Therefore the cost of natural gas is 0.021629 ARS·kW -1 ·h -1 (0.002861 €·kW -1 ·h -1 ).
The cost of electricity per kW·h is 0.6156 ARS (0.0814 €) without taxes according to electricity operator EDES S.A (for monthly consumption up to 400 kW·h). Adding taxes, the final price is 0.9215 ARS·kW -1 ·h -1 (0.1219 €·kW -1 ·h -1 ).
In Poland, natural gas is also the main heating fuel. The cost is 0.04822 €·kW -1 ·h -1 with taxes included (consumption of 30 MW·h·y -1 ). Additionally buildings are cooled by air conditioning even while the cooling load is not high. Most of the residential buildings are not cooled. Electricity cost in Krakow is 0.14618 € per kW·h with all taxes included (consumption of 3.5 MW·h·y -1 ) Table 5 : Gas required by month in both cities. Table 6 : Electricity required by month in both cities.
ENERGY DEMAND FOR HOT TAP WATER PURPOSE
Previously it was noted that for this paper a typical four-member family was adopted. In this way, daily and yearly hot tap water load is estimated in following table. Hot tap water is assumed 10°C before the water heater and the temperature rises to 60°C.
The heat needed is:
Where Q, m, c w , ∆T are heat, yearly water mass, specific heat of water, temperature difference, respectively. Table 8 .
A big difference of temperature between these cities is an important fact that ca n be seen from the tables.
As a conclusion we can say that the city of Krakow has a higher energy demand for heating in winter, while the city of Bahía Blanca has a larger cooling load in summer. This can be seen by looking at the difference between the temperatures in the table for both cities.
Conversion from ARS to € was done with the price for September 11, 2013.
Natural gas in Krakow is 16 times more expensive, while electricity has almost the same price in both cities. On the other hand, Krakow requires more energy for heating in winter than Bahía Blanca. It is shown that heating and air conditioning energy demand in Krakow is almost 5 times more expensive than in Bahía Blanca.
A simple U-pipe borehole heat exchanger was chosen to develop this research while the borehole diameter for the calculation was assumed to be 150-mm and the shank spacing 89-mm. 
BOREHOLE HEAT EXCHANGERS
All calculations were made with the computer software Earth Energy Designer (EED 3.16). Total energy was assumed to be delivered from a heat pump operating in cooperation with borehole heat exchanger.
The lithological profile is shown in Tables 9 and 10 . Additionally, more important information for borehole heat exchanger calculations is presented in Table 11 . Number and distribution of the borehole heat exchangers were selected to maintain the temperature of the heat carrier above 5°C after 25 years of circulation. 
IDEAL HEAT PUMP EFFICIENCY
Coefficient of performance shows the efficiency of heat pumps.
Where CPH H and CPH C , ø, T cond , T evap are coefficient of performance, coefficient of efficiency, temperature in compressor, temperature in evaporator, respectively. At the end of this paper are the Figures 10 to 13 , showing the heat pump temperatures in summer and winter, also to compare both cities.
Bahía Blanca Winter
The home water flow temperature was assumed at 53°C for heating and 16°C for cooling, these temperature levels were largely used for the home temperature conditioning in the studied countries.
HEAT PUMP
In the next tables, is a comparison and shown the better heat pump for the typical house in different climatic conditions. The Stiebel Eltron WPC 5, 7, 10 and 13 series heat pumps were chosen to compare. This kind of heat pump works in the heating mode and also in the cooling mode. Furthermore, it is recommended for a home. It has been estimated 3°C for variation inside heat pump condenser or evaporator, for the geothermal heat carrier. On the other hand, the temperature of the heat carrier used to calculate the efficiency is the average temperature between inflow and outflow, given by the Earth Energy Designer program (EED 3.16). The heating capacity, CPH and electricity consumption come from heat pump charts. program (EED 3.16) , are shown in Figures 6 to 9 at the end of the paper.
PAYBACK PERIOD
To assess if a geothermal system for heating and cooling is achievable, it is important to recognize the different economic resources implicated. Also it is necessary to make a comparison between traditional fuels and this clean method. Payback period is the time involved to recover all the investment made at the start of the project. It is and acceptable payback period for up to 10 years for houses.
Where SPBT, I HP , I gas boiler , I AC C H trad , C C trad , C HP are simple payback time, heat pump and borehole investment, gas boiler investment, air conditioner investment, traditional heating cost, traditional cooling cost, heat pump heating and cooling cost, respectively. The SPBT has a negative number in Bahía Blanca, so it is not economically returnable for heating and cooling with this system. The reason for this is the low price of gas in Argentina (Freidenberger and Śliwa 2014).
Bahía Blanca

Krakow
= 7420 € − 1500 € − 1200 € 11300.7 + 83.99 − 8382.73 = 2.9
11. CONCLUSIONS 1. Houses in Poland need more energy in winter than in summer. Moreover in Argentina it has almost the same heating or cooling load.
2. Energy needed in Krakow is latger than in Bahía Blanca.
3. The borehole heat exchange for heating and cooling is economically possible in Krakow, but in Bahía Blanca running this kind of system is more expensive than traditional systems. Natural gas in Argentina is cheaper than electricity, maybe it will be better to use a gas compressor heat pump.
4. In Bahía Blanca, the rock mass does not cool down quickly, like in Krakow. The moderate climate of Argentina make this system works ideally because the rock mass has a constant temperature over the years.
5. Payback time in Krakow has a really optimistic period.
Stiebel Eltron heat pump charts. Available in http://www.sollaris.cz/media/download/manualy/wpc_5-13_de_05-06.pdf. Accessed September 2013. 
